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[575 ABSTRACT 

A controller for interfacing between a digital computer 
1Z magnetic disc recorder, such as a "floppy' dtsc or 
ISer or memory is disclosed The controller, 
u • ^Lmit« accessine of the disc with minimum con- 
SSS" ^realized with relatively few 
client and'is particularly suited for mterfacmg 
between a microcomputer and a "muufloppy - Track 
SSn with a computed velocity profile sofqM- 
ionization with a soft sectored disc is achieved 
without additional hardware. 

14 Claims, 6 Drawing Figures 
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1 logic means (address signals) are received from the 

CONTROLLER FOR MAGNETIC .DISC, umi»S means = £$£;„ ^^odress 

RECORDER, OR THE LIRE output sign ^^ ^ ^ ^^ ^ ^ , og!C 

BACKGROUND OF THE INVENTIOK 5 m ^ mcthod „ dessrio ed for syncironixins an n-bit 

i Field of the Invendon digital register from the recorder. A synctaom»uon 

The uwention relates to the field of eontroUm, p>ar- £J whic Tcomprises a plurality of «^««""7« 

ocularly controllers for interfacing between aj *E«d „-bi K of one binary sme and at least one tat of Mother 

computer and a magnedc recorder such as a floppy disc w ^^ ^ .. ^^ tQ ^ ^ Tnejreg.s.er*- 

or odier memories. automatically reset each time a bit o *~™,. ^ 

1. Prior Art . .. .. . ,, fnr smc is moved into the n' 1 stage of the register. V. iln tr, s 

Numerous controliers are <»°™^™%£% i ™chronizanon field, the register automatically be- 
interfacing between digital ^^^S conies synchronized with the codes and words. 
E^«tt^.*X» l5 BRIEFDESCRIPTIOKOFTHEDRAWINGS 

o^tnclTsucVas traduction and synchronic pream. -em.or^. ^ ..^ rf ^ ^ 

'^Commercially avmlabie — i^ J— * '°?Ig1 SS^W^ field nsad to 

those for B?IW *«225SS !te do no. lend J5 s) 4hroni« a register with recorded oata. 

and expensive. Because ot tnei ^cosi, u », illustrating the format for eacn 

^S.tuSr^.^Sfbetr^.hc J^ofercholc^indiepresenUypreferrcdctnboa,- 

P T^ to r^e4 a ^hU y .S:fo^oS«»o m ?i G . « U a graph illustrating t he byte forma, em- 
^wSXSto However, the principles 30 ployed in te presently preferred emooditnent. 
cmplove^ in the described controller are applicable to DETAILED DESCRIPTION OF THE 

Stc?S I ScSS?^decder« e to and from higher ^f ns % art Liarly where data isrecorog n sen. 
w£ds when selecting tracks which are separated from 40 ^^ h ^ a charge^upled device CCD),bubbL 
on.1nother by some distance. With the present inven- ln the followmg descnptio^numeroLS 

to" comDufed velocity profile is easHy implemen ted, » - de|afls „ set fort h such as jgcrik : word 
thus allowinp rapid selection of non-adjacent tracks. P ide a thorough understanding * 

Wn a tr'ack'is selected, synchronization between 1 gf^ seBt invention. However, it will be _obv*us to 
the controller/computer and the data recorded on the 45 ™ ^ P that ^ present mvcntionm) be 

Sack rnecesiry. In some cases, permanent markers, *£™ these ^fc details^ In oAer m- 

such a^hoS are included with each track to provide a P« cU « wlW:nown circuits have been shown in block 
Sedreferctce point. In "soft-sectored"^ J**^ S£2i form in order not to obscure thepresent invcr, 
nent markers are not used. These discs provide wider ^ unnscessarv dclaii tre dcs~ibed 

fWbiiiiy since the user is able to format the -disc to a 50 preS£nt }y preferred embodiment, the des-rm~ 

p^icuhr application. Somewhat intricate hardware is d m£t £ cd f synchronization « «Wf? 

5£ tocrovide synchronization w tih these soft-sec- ^.^ an imerface between a microeompu^ m- - 
^ discs. A method is describe: is this ^.cation "^ disc recorder. The comrder is P*"-— •> 

^^^^-««-*«- 55 ^^-^;^ : ^^^^ - 

^HP DESCIPTIOK OF THE IKVEKTIO* P^TaSS^^^ 

An interfacing means for interfacing between id*.- ^^ by Arr u C«^«r. !«■ <««?*«. 

tr.! cas ?S «r ar.d a magnet:, ^recorder, s,.. a . ^ fi skugaKT dnve. Part No. SA^O-, S„ 

floppv disc or other memories, is described. A serial/ -myde ni. „ ^T=r- 

2 ci rep ister is employed for communicating with ^^-^HncSTTG^Tae magnetic disc controller 

Sr c omputer on the data bus. A logic means, wmch ^ p ^ invenuon . sh0%VTl as controller 12 mter- 

m^v be a read-onlv memory, receives input signals (ad- of m pre computer IE and a oisc dnyer 

drlses) andprovides output signals in response thereto. feces bet* een ^ ^ ^^ to ^ 

^n loni^ns is controlled by a timing means which 65 «^ a ^ bus " 13 2nd throu?h an address bus M. 

reived a synchronization signal from the compute, tfuoog ^ ^ ^ ^ w l6 thr ^ 



■p 

( 



., , — ^ 

3 i- ~ m -t " ^ is controlled by signals coup.ed to the register on 

track is controlled through the signals on lines -^* -< £* con * r ^73 These lines onginate in the logic 

and 28. which are coupled to ^ ^\^M J?W 24. During the reading mode as wdl 

track-select stepping motor 33 through ttem^ » dcsC ribed. the data shafted into the register is con- 
motor amplifiers 32. The m««3ia^|^« SoUeTSy^gnais on these lines. During the re^dmg 
ordia^r^mponentscommoo^ ^g^ w S r 40 is automatical^ cl eax^dwhen^s 

-^A-data signal for recording data onto the disc 30 is S^f^ ^^lS^ST^ ^^" 

cou^l^ l ^^J^^n^ ^. in the r ecoiU- 

municates with the head 34 t hrougn the read/wn« ng& g ^ fat0 the register 40 from right 

amplifiers 31. Data read from tne disc -u cm so p mg m , ^ tQ 5hm data from 

through the ^^^^^^ = EJ^Ta SSs done, as will he described in greater 

™.e heau « d X^O^-blSSW to control ^tail. to sense the signal on line 17. 

dssirea tracx on tne disc „u. *-..-o mg a, „„ n t-nt- -v*-iV in -he sr-scativ oreferreo embodiment an 6-c.i 

era: JS a * . s .-i. - <_ -= -» -- _-** ; r .f rn*.a::on cc a ^f*- 6-bit words to an appropriate bss. 

ir ,-:ca;:cn -y^n ^ — " ^^ -^ is a com moa - : , bootstrap merr.cry 43, wmca a eoupiea to ;; 

? anu:u«r .uc > ^ -° j£*J-"£ J * bus u ^ d the data bus 13. may oe a read-only 

S^t^.S^rfBiUUfeaB Each nibble l ploycd fo g , dreading of operating systems from the 

J; I , „f fw data bits and four clock bits; two nibble s 25 ^ , ikc funct ions. _ 

C ° nS,StS °^ ^f^rfda^ Th7cl6ck bits are ™ ^ contI0 n e r logic and timing means 24 ii able to 

^ SJ f^ on« Tnas wo conse cutive binary zeros Jse'fjhetfscjsjmtosr^^ 

SSSfa^Si" field; however, two con- 7 |!^lEi&^ 

occur ma emp i oy ed for markers, as will NAN - D gate 51 prevents the clocking signals trom 

SdSffi M dots not include either the more 30 £t g ° ou % to Le 50 un.ess the disc is up to speedy 

SSld?e5S«. a shift in one direction by one stage tQ specd . The signals on he ies « and 19 

Sows merger of the two nibbles into a single byte £ £ ^^ within the fetches 42 are used to en 

^> Referring now to FIG. 2, the main portions of the r£cordcr> induding lts disc motor. 

conTrol™ 12 of FIG. 1 comprise a serial/parallel shitt 40 a ^ in thrcsent i y preferred embodiment, the latches 42 
egSerlo a controller logic and timing means 24and £ J htchcs hich act as a storage means and 

Sef 42. The controller logic and timing means 24 is meao ,. < FburJto^th£ ^ n ^or' us ed 

shown in its presently preferred embodiment in FIG. 3. thc btches 42 . Three of th es *^ s ^ LSC<1 

Satches k which are ordinary di«»natch«^e ^ oac Qf ^ eigh patches ^^J^^ 

, . _, ._„„.„„ ,r^v, on tncji^c *5 fux^iisii data (binary one or wo) .o «c sc 

u- c "4i latch. In this manner. 8-bits of data are loaded 
Sto the atches 42. Fg^QLI^^^- b ! ts ^-^.^ 

1"HGhr^sTbtea7e-^^ 

^5 -hrouRh 23. Twoj)f.th.e5JLdata bits are coupled to 
detail c'focking"si3nal at one input terminal of tne £J™»» i9 fo 7 gen eration of the enabling signals lor 
NAND gate 31 from the computer. A controller-select £f r ^ order . th, remai ning two bits are coupled to 

Agnail line 47 is coupled to the register 40 and atches £j and ft as ^ be d ribed m jwjrdmim 

^51 to indicate ^— h,^^ ^ c icn ^ H G. 3 to select a moae of ope.ationX 

Saline: ^^^ociated with power *>r <he — -^ h , the con 

^ suVres are not shown in FIG. 2. holier of FIG. 2 senses the position of .he head (c™ 1 

The controller of FIG. 2 is coupled to the recorder ^olUr ^ £pttC ;fi ca iiv. the track number 

rjcucrh the lines 23. 25. 27 --nd 23. whicnar^ .also ^ o ^ ^^ . $ coupled ta e computer 

shown in FIG. 1. The enable signals on hnes 19 and -0. .0 wn*- ^ ^ computer iS aD;e „ com- 

-I '""ta lines 22 -nd 54. and the write protect swuc. - ^^^ ; docIty pr0 nle for moving the head to 
sieni on line 17 are aiso shown in FIG. 2. J h desjred track from the current track with a reia- 

The serial/paraiiei shift register 40 is an ordtnar he ■» algorilhm . since all four phases of the 

diAaiTe^ter^-fc-ceivihg S-bit woras. in &$& ^^ motor 33 arc controlled through the ::atcnes*2 

I'?- -.,,5-13 and :-m ir.::\:n S this data, smilx^u « ^J"- .; craiion and deceleration, and higher rates of 
iintirdVrinTl^^i^-adi^ ro " ato""^ obtainable when compared to stepping the 

reading mpa^aaialssenaifvsmiiea inio^herc & isier w ^^^ _^^ ira ck-to-track. . 




ana .hen removec.m parallel, onto bus U. i nc .u-w 



* \. 

Z ■ A u c i-i and the register 40 is cleared. In the 

To *cMrv- an efficient velocity profile for a stepping me data bus w ^ ^ fi y^. on d th 

To -«nev. an c ned to relatively compie?- mwnm. uu . r *_ on£ anQ the next 

£°i"« fhMhe ! ;ch=s%2 and its coupling to the ^™ ^^» "^^ The lemp orary delay of 

'T-'.-sl*- fo- receiving input signals and for providing nlbou .bJ te _iuodi ,. d jn paraUd on:o 

adaptable fo. r e « , ™=.„ p , ir - rKDO r,se thereto. Thus, into the regis... *J 'J - he lo ^ c lo 

?r '"r:r;o C - pa« or o n=r taown logic arrays may . the *»*»»■ £»™, ' C ^J bi:ttr v bits into the 
2S2 ir?fe preset -**»■ embodiment ., = rero- msur^he » "^ ^ ^ ^ _ ^ ^ wfalcn 
onW memory, sUiucaUy a PROM - -W^? " £££«, to the PROV.on line C, 

"^ %«*-r sarM - ^%^^SB^t 

■ '"'"■tl- The specific program stored wi'Jun mm- r^.su,^ PROM, ana par- 

£=S?S sSsrssssssssrt 

:jn ? a! to *= PROM 48, lines 64, 65, 66 and CI are ^ J^ de y , cnninc if fte particular disc on the 

T.'!5»^S' — "*■ SV * S^^VST^^ ? 

';;.-.' C V '"»;:;■ C ir. 11 or fever of such latch cyc.e:. - '^V-^dVare^mrOoved to prc'icc 5;T.cr ror/.z^sr.. 

^'"^^^fflffi "" ^^dco^u^ht^one^o^^ 

:r^^S:;^:^^naiyo r ^ihststa fI ^-j^r^Sy «• £?£££ 

iSS^^f^ffStlS^Si b^one b^^^^hl^n vf th«t 
r V;; d ul/ lat er if the first bit is a zero it will oe 60 bx « fc£ oj^ ^^ ^ ewrv n ^ ul 

'"SLiI- n— s bv the repeated addressing of the th. i 

SoM « ita S3" P- through the latches 43. ev ^ ^FIG. 4. assume that the disc includes the 

" *TV computer senses a full register by polling the ^^d synchronization field. Assume runner 
-P^ndhv specifically determining if a binary one 65 **£< ^™£ ^ wnere indicated by the start hue 

r,"|; tt n" stage of the register. As mentioned^ tte .firs "^ «beg» $ ^^ ^ |hfi ^ 

* bl o each nibble is always a binary one ^hen the Th£ ^ ^ ^ ^ reS£l occurs anQ th . 
reas:er-«*uU. ue computer removes the data througr. 
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When th e founh reset occurs, a binary zero is i 
(When tne s iu f h pKtt blt lorwar d tne 

SS^tiSS3yd- every .jlbta JJ* 

5\w the rezister will be compie:eiy cleared wnen 

SXT-ffiS-.) -ches che register. U~ 

f --ding oegins before the synchronization Leid, syn 
chr'orl^ion will be achieved betore the end of the 

^ the presently preferred embodiment, each cf the 
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shewn in FIG. 5. Each f^^^.f^^l^ 
:l-.e :iicc is net -..vay; --r:v;n or ecus:/ at ■-.- *— - * — 

" SSg the 3 ap 73. *« is a synchronization Jieid 
Vwm>h corresponds to the Held icown in nG. 4. ,0 

W'-i e in theorv- oniv 3 codes of n binary ones ana a 
bnaxy ze o arl required to synchronize the register 
Seven such codes are used within the synchronization 

nSntlv preferred embodiment, two consecutive ad- 
°dS; marSs are employed as shown > by AM, and 
AM. Tne address markers arc distinct and immeda.ely 30 
prized by the computer. As previously mentioned 
withlhe normal data field and other information on the 
dii every other bit is a clock bit (binary one). Thus 
two biS zeros do not occur in ™»^™^ 35 
Urh marker includes both a missing clock bit arid datt 3> 
btflf^adLg beings in the middle of a data nibble only 
,Soca clock bit may be missing, but not both. 
T^s the computer cannot mistake dan or other mft». 

m t"/theTomputer senses the address markers, it 40 

then knows that address information totlows. irtiwe 
worcs consisting of a volume number a track number 
and a sector number (shown as woros -L M ana 33 
resoectiveiv) are read from the cuscs to provide a ad- 
dress. Following the sector numcer, an error en*.* a +5 
2S on the volume, track and sector ■»*»£ the 

2d Ne" thfdata field begins, starting with a gap .^ 
Following the gap 35, synchronization I; .again quired 
=nd thus a synchronic on ndd. socn *'~-«£* 55 
—ted. Two data markers 0s anc -•; *='■»-? -° f£ 
' "-c^e stored data 03. In the presently preferred em- 
Sclent %6 «ii -rds (256 nibbles} are storeo 
•v ; .«n data S3. Then an error checx is made. 

^matter where reading begins within tne address 
^doSa field of FIG- 3. synchronization is acmeved icO 
Wor- 'be computer accects aata. i .ie comoui-r -i.i 
fl «;«=^y'd«a O-ludine ^dn»l «« « ' 
-.--d-d bv a recognized career. 10 .ecog- a. a 
S^tte B-to Jw b= property ali^d M i* 
n"*s or' the reaister 40. _ . .. , 

V°av of examoie, if reading begins in tne rmdaleo 
.h e " volume number, the data corresponding tow 
number, the track number, sector numcer ana error 



cr.-s* wni be ^naiiy moved tarougn the register. j.:s 
marker .U will not be recognized since synenromz,- 
don has not yet occurred. Following the gap *o a syn- 

.• fi-iH *m <<; r-"ched, and synchronization ocv-*5. 
S mt^AM^nfAM, « ^2^^^ 
the identification of -.he volume, track ™***;'^ 
the data stored within that volume, track and .ec.cr * ul 

b ^' a coSrctr for interfacing between a di;ha: 
„, ;.'....'„. ar" -scor-jr. or ?hs like. -^5 -eer. .-j- 

":::;Ck mlmmurn of hardware is recuired vo -.z^i- 
contrcler. -'yncnronizaiion w«n a :c::-:;c- 



^ri I HL"is""acni7ved'wUhout additonai hardware by 
SX^pJiiSSntad self-synchronization field trom 

the disc. 



TABLE I" 



C700- DA 
C708- 18 
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18 
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C720- OD 
C72S- 28 
C720- 2S 
C73S- 28 
C740- 
C74S- S8 
C750- 58 
C7£S- 58 
C7£0- 0D 
C768- 68 
C770- 68 
C778- 68 
C7S0- 0D 
C788- 98 
C730- 98 
C;9S- 98 
C7AO- OD 
C7A3- A3 
C7BO- 09 
C7B3- A3 
C7CO- D9 
C7CS- D3 
C7DO- D9 
C7DS- DS 
C7EO- ID 
C7ES- ES 
C7FO- ID 
C7F3- E5 
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48 
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OA OA 
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OA OA 
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CS 

88 

88 
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B8 

B9 
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CS 
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CS 

F8 

F3 

F3 

FS 

EO 

03 

EO 

03 
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68 08 
OA OA 
68 08 
OA OA 
98 BB 
OA OA 
98 BB 
OA OA 
A8 C8 
OA OA 
A8 CS 
OA OA 
D8 F8 
OA OA 
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OA OA 
ES 88 
OA OA 
ES 88 
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i. C An m lnterfacing means for interfacing between 
digital computer and storage device sucn as a magn-. 



disc -eccrut 



srrhing: 
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<e«ai incut/cutout nne *w. ^-p-iv; -? --• - ■ ■ _ 

••'•'ic* 'said renter means aiso naving a con.. 

means'having a plurality of register contTc-i .in 

- for controlling transfer ot cata to and ..on-. -.. 

resist er means; .. v. nM .. 

latch means having a plurality ol latch mput i.n ; s - 
a Plurality of \^ cutpuUines. said la.cn m- 
■oJ controlling »-w flow oi oigitai signal* ^; 
'..itch input ".:ms and iatch output lines m res,... 



clock means -•- ■' --■■-' - 
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15 



20 



25 



nao-oniY memory mens having an addres me.n 
. ' with a plurality of address input line, ana . pa-- 
ity of data output line, saic reao-onl> *u»0£ 
means for receiving input signals on saio address 
S^Tli« and for providing predetennmea output 
^nais on said data output lines m respons ^thereto, 
a notion of said read-only memory means data out 
DU V lines being coupled to said register control 
mtns vta Register control lines for xontro^ w 
data flow to and from said register, another portion 
3tH2 "nly memory means data output lines 
being coupled to said latch means »P« toe ^ «"f 
SmcaL output lines being couple to sad d- 
dressing means via a portion of said read-onl> 
« means address lines for proving a p^ 
do"of*an address thereto such that some of said 
owout signals from said read-only memory means 
arc employed as next address signals to said read- 
only memory means in response to said timing 

J?h^arinR means further including means for 

of said read-only memory means acaress lines to 
saia computer whereby said computer may com- 
tunicate with said storage dev 1C e through said 

2 KSSK— ^efmed by claim 1 including 
sto ra « me^lor receiving digital signals from said 
Xut« a^for providing control signals to ■ «di stor- 3 
agTdevice for controlling^ «d«^«J~ 
means being coupled to said computer and said storage 

dC 3 ^e interfacing means defined by claim 2 wherein 
said means for coupling the addressing means J» £ 

portion of said read-only memory address ones to said 

said Su. signal to said read-only •~W->££ «, 
Sd storage means is used to seleot a reaebng modeor a 

TnSSS*! means defined by claim 4 wherein 
said storage means comprises digital latches. 

6 The interfacing means defined by claim 5 wher«n- <} 
said computer has an address bus and a data bis. «u» 
wherein said ditigal latches are coupled to said address 

bU ;1httterr B means defmed by daim. wherein 
at IciTone of said output signals from said readonly 
memory means is coupled to said storage devxee to 
.„.,!,)- o signal for 2 writing moae. 
P 1 V rne^acinr means oefmed by ddm 7 wnerem 
v* redster meani serially proviaes a cigu*. «.E=J on 
~ s-rkl inou-./omoui line as one of said aaaress inp-u ;5 
rsa^eU-only memory means during said wntmg 

"t The interfacing means .cetoed^y claim S wherein 

cotrotSetrS K "£" ^'^ "" W 

redster means during a reading mcce. 

!Lbd^r^m^^r E * =g or readm 

mode. 



- . „.,., n f claim 1 wherein said 

11 The interlacing means o. — »». * 

. . , ..„..■ ;;«. n "«.'* register mean:. i& cou- 

"E2 £££££- for mterfaomg between a 
digiud computer and storage oev.ee sue., a, . m^gaea. 

^gSr^r^r/kplurafi^ofp^inp- 

/output liner for coupling to sa.d compute r Md. 
s-riai mom/output fine for coupling to sja -o.-.- 
*££%* register means also having .MM. 
rn^n. having a plurdity of register control fine, 
^controlling transfer of data to and from sain 

U^m^Svtag.pluraU.yofla K hinpu.lm«^ 

a cluraiitv of latch output Imes, s*k. U-n me_n. 
fof com oiling the flow of digital signats between 
StchTnpu, lines and latch output lines m response 
to a timing signal; ., . • „;__.... 

clock means for generating said timing : sign-, 
read-only memory means having an a^res me^ns 
with a Dlurality of address input lines, and - -'««■ 
S of dai output lines, said read-only memory; 

signals on said data output lines in ^P "^^ 

outout signals from said read-only memory me.ns 
are emp oved as next address signals to said reao- 
Sy memory means in response to said timing 

cfXerfacinR means further including means for 

of said read-onlv memory means address lines to 
saiSomputer, said read-only memory means being 

on another of said address mput lines, and one o. 
So read-only memory data output lines d..^ 
c-.---- tc said storage device :^P----. fc ™ 
s "---" thereto curing recording o: ca:a. v.-re^-.; 
c^j^'corr-ruter mcy communicate wiir. saic stcra^ 

13 The interfacing means de.med b> c«..m *. 
wherein sid control signal for said latching mean, ^..,- 

F: ^Th^'u^r^n^an%f;^ 

in storace means coupled to sa;c computer. £ : J : ~_ 

SS«? device and for selecting said 
-- data. 
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